The drug-induced hepatotoxicity is a signifi cantly increasing problem worldwide, but it is of more concern in the treatment of tuberculosis (TB) infection, especially in a third world country like Nepal, where tuberculosis is still endemic. Liver has a central role in drug metabolism and detoxifi cation, and is consequently vulnerable to toxic effects of the drugs. The study was carried out from August 2006 to May 2007. The ATT patients, who visited the chest clinic, were sent to the laboratory for analysis of Liver enzymes (ALT, AST) and bilirubin level. During the period of August 2006 to May 2007 total of 114 patients; 114 blood samples were collected for liver enzymes analysis. It was found that among114 ATT patients; 41 patients (35.0%) had abnormal parameters with the elevation of serum bilirubin level, AST level and ALT level. It showed that drug induced hepatotoxicity due to anti TB drugs is relatively higher rate among lower socio-economic status group. Out of 114 cases, the marked elevation of total bilirubin level (>5.0mg/dl) was found in 15 (13.0%) and mild elevation of bilirubin level (1.1-5.0mg/dl) was found in 25 (22.0%) patients while 74 (65.0%) patients were found to have normal level of bilirubin. Similarly, 17 (15.0%) patients were found to have moderate elevation of ALT level (above 51.0IU/L), 5 (4.0%) patients were found to have slight elevation of ALT level (36-50IU/L) and 92(81.0%) patients had normal level. Likewise 10 (9.0%) patients were found to have moderate elevation of AST level (above 51.0IU/L); 8 (7.0%) had slight elevation of AST level (41-50 IU/L); and 96 (84.0%) were found to have normal level. The facts associated behind these fi ndings are probably poverty, malnourishment, alcohol consumption, illiteracy of people and poor health management system. Hence, for the treatment of TB , with ATT regimens, a baseline laboratory testing and monitoring system should be adopted before starting treatment which might help to reduce drug induced hepatotoxicity in ATT patients.
INTRODUCTION
Tuberculosis is one of the major causes of morbidity and mortality here in Nepal and most other poor countries and so is the drugs related hepatotoxicity associated with the treatment of tuberculosis. Liver has a central role in drug metabolism and detoxifi cation, and is consequently vulnerable to the toxic effects of the drugs. The pathogenesis and types of hepatotoxicity are presented, ranging from hepatic adaptation to hepatocellular injury. However the knowledge of the metabolism of anti-TB medications and of the mechanisms involved in hepatotoxicity by ATT is still incomplete.
Structure and function of Liver: The liver is situated between the alimentary tract and the systemic circulation to maximize processing of absorbed nutrients and to minimize exposure of the body to concentration of exogenous substances and their metabolites.
Hepatic Drug Metabolism Transporters, Enzymes, and Excretion: The splanchnic circulation carries ingested drugs directly into the liver, a phenomenon known as the "fi rst pass" through the liver. Metabolic enzymes convert these chemicals through phase 1 pathways of oxidation, reduction, or hydrolysis, which are carried out principally by the cytochrome p450 class of enzymes. Phase 2 pathways include glucuronidation, sulfation, acetylation, and glutathione conjugation to form compounds that are readily excreted from the body. Other subsequent steps include deacetylation and deamination. Many drugs may be metabolized through alternative pathways. In phase 3 pathways, cellular transporter proteins facilitate excretion of these compounds into bile or the systemic circulation. Transporter and enzymes activities are infl uenced by endogenous factors such as circadian rhythms, hormones cytokines, disease states, genetic factors, sex, age, ethnicity and nutritional status, as well as by exogenous drugs or chemicals. 1 Pathogenesis of drug-induced hepatotoxicity: This may be result from direct toxicity of the primary compound, a metabolite, or from an immunologically mediated response, affecting hepatocytes, billiary epithelial cells, and or liver vasculature. In many cases, exact mechanism and factors contributing to liver toxicity remain poorly understood. Predictable drug induced hepatotoxicity is generally characterized by certain dose -related injury in experimental animal models, has a higher attack rate, and tend to occur rapidly. Injurious free radicals cause hepatocyte necrosis in zones farthest from the hepatic arterioles, where metabolism is greatest and oxidant detoxifying capacity is the least.
Unpredictable reactions comprise most types of drug induced hepatotoxicity. These hypersensitivity or metabolic reactions occur largely independent of dose and relatively rarely for each drug, and may result in hepatocellular injury and or cholestasis. Hepatocyte necrosis is often distributed throughout hepatic lobules rather than being zonal, as is often seen with predictable drug-induced hepatotoxicity.
2. In hypersensitivity reactions, immunogenic drug or its metabolites may be free or covalently bound to hepatic proteins, forming haptens or neoantigens. Antibody dependent cytotoxic, T-cell, and occasionally eosinophilic hypersensitivity responses may be evoked. Released tumor necrosis factor-alpha, interleukin (IL)-12, and IFNgamma promote hepatocellular programmed cell death (apoptosis), an effect opposed by IL-4, IL-10, IL-13, and monocyte chemo tactic protein-1.
Metabolic idiosyncratic reactions may result from genetic or acquired variation in drug biotransformation pathways, with synthesis or abnormally slow detoxifi cation of a hepatotoxic metabolite.
Drug-induced hepatotoxicity may occur with all currently recommended regimens for the treatment of tuberculosis infection including isoniazid, rifampicin, pyrazinamide and ethambutol. Among four drugs, isoniazid rifampicin pyrazinamide play major role to cause hepatotoxicity.
Mechanism of liver toxicity
By isoniazid : Normally isoniazid is cleared mostly by the liver, primarily by acetylation by N-acetyl transferase2 (NAT-2). Acetyl-isoniazid is metabolized mainly to monoacetyl hydrazine (MAH) and to the no toxic diacetyl hydrazine, as well as other minor metabolites. The reactive metabolites of monoacetyl hydrazine (MAH) are probably toxic to tissues through free radical generation. The additional isoniazid metabolites acetyl hydrazine covalently binds to liver macromolecules, a process mediated by microsomal enzyme. By Rifampicin : Rifampicin may occasionally cause dose dependent interference with bilirubin uptake resulting in subclinical, unconjugated hyperbilirubinemia or jaundice without hepatocellular damage. Conjugated hyperbilirubinemia probably is caused by rifampicin inhibiting the major bile salt exporter pump. 4 Asymptomatic elevated bilirubin may also result from dose-depended competition with bilirubin for clearance at sinusoidal membrane or from impeded secretion at the canalicular level.
5
By Pyrazinamide : It may exhibit both dose dependent and idiosyncratic hepatotoxicity. Pyrazinamide alters nicotinamide acetyl dehydrogenase levels in liver 6 which might result in generation of free radical species. There may be shared mechanisms of injury for isoniazid and pyrizinamide, because there is some similarity in molecular structure. Patients who previously had hepatotoxic reactions with isoniazid have more severe reaction with rifampicin and pyrazinamide.
By Ethambutol : There has been one report of ethambutol related liver cholestatic jaundice with unclear circumstances.
METHODOLOGY
The ATT patients who come to NTC from different DOTS clinics for follow-up visit and monitoring of the DOTS treatment were taken into the study. The study was carried out from August 2006 to May 2007. The ATT patients visited to the chest clinic were sent to the laboratory for analysis of Liver enzymes (ALT, AST) and bilirubin level. During the period of August 2006 to May 2007, total of 114 patients were received from the OPD clinic for Liver enzymes analysis in the clinical lab. Blood samples were collected from the patients and serum was separated. The liver enzymes Alanine transaminase (ALT), Aspartate transaminase (AST) and Bilirubin analysis were done. The ALT and AST were analyzed by kinetic method using semi auto analyzer and bilirubin was analyzed by color end point method using semi autoanalyser. The control sample was also used for monitoring each steps of procedure and analyzer machine.
RESULT
Out of 114 patients, 62 were male and 52 were female. Among the age group, 18(15.7%) were under 20 yrs, 61(53.5%) were 21-40yrs, 31(27.1%) were 41-60year of age and 4(3.5%) were above 60year age. 
DISCUSSION
As per the results, it was found that among 114 ATT patients 41 (35.0%) had abnormal parameters with the elevation of serum bilirubin level, AST level and ALT level. It showed that drug induced hepatotoxicity due to anti TB drugs is relatively higher among the low income status compared to general literature and data's suggestion. 7 . The probable causes behind these fi ndings could be poor nutrition, alcohol consumption, HIV co-infection many more. Each factor should be taken into account before defi nitive conclusions can be drawn, however it is beyond the scope of this study to establish cause and affect relationship with various above mentioned factors. Several studies suggested that increasing age is a risk factor for TB drugs induced hepatotoxicity but statistical signifi cant was not achieved. One study reported hepatotoxicity rate ranging from 2.0 to 8.0% as age increased, with an average 8 of 5.0%. Other studies have reported that hepatotoxicity ranges from 22.0 to 33.0% in those older than 35 years. Out of 114 cases, age group ranging from 41-60 yrs had the greatest prevalence (45%)of abnormal liver function parameters, while the rates of abnormal liver parameters in age group <20 and 20-40 yrs. were similar and the age group >60 yrs. contributed least to the percentage of the patient with abnormal liver parameters, namely elevated AST, ALT and Bilirubin. Out of 114 patients, almost 35% of patient had abnormal bilirubin level with 13% out of the total patients having marked elevation of bilirubin. Meanwhile more than 80% of the patients had normal level of AST and ALT level and only 15% and 10% had markedly elevated AST and ALT level respectively. At the same time, related literature shows overall risk of hepatotoxicity ranges from 5%-33% in those undergoing TB treatment, with rate increasing as the age of patients under treatment increases. 9 Similarly, it is shown in other study that in children younger than 5 yrs , with extra pulmonary TB including TB meningitis treated with Isoniazid , Rifampicin and Pyrazinamide, more than 82% had ALT of more than 100 IU/L and more than 40% developed asymptomatic hepatitis. 10 Several studies also reported increased risk of hepatotoxicity in women especially pregnant one. 11, 12 Likewise in alcohol user, several studies have indicated that alcohol use also induce the hepatotoxicity in ATT patients. 13, 14 Other associated factors include malnutrition or hypoalbuminemia, HIV infection, Hepatitis B infection, Hepatitis C infection and second line ATT drugs conditions. Although in Nepal, there is hardly 2.5% of TB-HIV co-infection reported and association of TB and Hepatitis B and C infection and HIV infection has not been studied and reported in Nepal, their importance and signifi cance can't be over emphasized.
CONCLUSION
Overall, drug induced hepatotoxicity in ATT patient was found to be higher than 34%, however, the age , sex , disease conditions, nutrition status, alcohol abuse and other possible confounding factors play statistically signifi cant role. The reasons behind this higher level of drug induced hepatotoxicity are probably poverty, malnourishment, alcohol consumption, illiteracy of people and poor health management system with age playing a signifi cant role. For better cause and effect relationship with less bias and for clinical signifi cance, a broader, controlled cohort study of larger size is recommended. For now, with an effective DOTS program accessible all over the country, a baseline laboratory testing criteria and monitoring system should be adopted before starting treatment to effectively reduce the treatment related morbidities. 15 . Along with this patient and staff education, appropriate selection of patients for treatment, careful regimen selection and monitoring will minimize the associated risk and adverse effects. The ability to adapt to changing medical landscape will be crucial to continue safe and effective treatment of TB.
